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(54) Semiconductor element, connection structure thereof, semiconductor device using a 
plurality of such elements and processes for making the same 



(57) A connection structure for a stacking semicon- 
ductor element capable of realizing a large capacity, a 
small size and thickness, and a high-speed response, 
is provided. Also, a semiconductor device formed by 
stacking the semiconductor elements is provided. In a 
semiconductor element having conductive bumps, a 
via-hole is formed to pass through the semiconductor 



element and reach the back surface of the conductive 
bump. On the inner surface of the via-hole, a conductive 
cover film (Au or Cu cover film) continuous to the con- 
ductive bump is formed via an insulation layer (Si0 2 lay- 
er), wherein the conductive bump of one semiconductor 
element abuts to the via-hole of the other semiconductor 
element to establish a connection between the semicon- 
ductor elements. 



Fig. 2 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0001] The present invention relates to a structure of 
a semiconductor element, a connection structure there- 
of and a semiconductor device formed by stacking such 
semiconductor elements. The present invention also re- 
lates to processes for making such semiconductor ele- 
ment and devices. 

2. Description of the Related Art 



[0002] Various packages have been known, in the pri- 
or art, for carrying semiconductor elements (semicon- 
ductor chips such as LSI). Of them, TCP (a tape carrier 
package) is widely used nowadays because it is suitable 
for a multi-pin structure having small-pitched connector 
terminals so that the reduction of a total device thickness 
and size could be realized as well as it is advantageous 
in view of the economical standpoint and the productiv- 
ity. 

[0003] In general, a large capacity semiconductor de- 
vice has been contemplated by stacking such semicon- 
ductor elements represented by TCP. In this case, since 
the semiconductor device should be small and thin, a 
connection structure is required which is capable of 
stacking as many as possible of the semiconductor el- 
ements in a predetermined height. 
[0004] Fig. 1 shows a conventional connection struc- 
ture for a prior art stacking type semiconductor device. 
A semiconductor element 1 has Al pads 3 on a circuitry 
surface 2. On each of the Al pad, an Au bump 4 is formed 
for the electric connection with other semiconductor el- 
ement 1\ This semiconductor element is integral with 
an interposer 9 consisting of a circuit layer 6, an insula- 
tion layer 7 and solder bumps 8 via an underfil layer 5 
made of a resin (such as epoxy resin) to complete a 
stacking semiconductor device. Since this stacking 
semiconductor device is of a structure for connecting the 
Au bump 4 of the semiconductor element 1 with the cir- 
cuit layers of the interposer, the solder bump 8 becomes 
a connection terminal for the connection with another 
stacking semiconductor device. 

[0005] When such stacking semiconductor devices 
are stacked, as shown in Fig. 1 , the semiconductor el- 
ement rof the other stacking semiconductor device is 
accommodated in a lower space of the interposer in the 
stacking semiconductor device, and the solder bumps 
8 are in contact with the circuit layer of the other stacking 
semiconductor device. 

[0006] That is, in the prior art, the respective semicon- 
ductor element is mounted onto the interposer to form 
one package, which is then stacked on the other to pro- 
vide a large-capacity stacked type semiconductor de- 
vice while ensuring the electric connection between the 



respective semiconductor elements. 
[0007] According to the above-mentioned stacking of 
the packages, however it is difficult to (1) reduce the 
size of the resultant semiconductor device as seen in a 
5 plan view although the increase in capacity is achieva- 
ble or (2) satisfy the requirement for miniaturizing the 
semiconductor device even though a larger number of 
the packages are stacked. 

[0008] Also, if the interposer is used for stacking the 
io semiconductor elements, a high-speed response be- 
comes difficult and this limits the use of the semicon- 
ductor device. 

[0009] Therefore, recently, the stacking type semi- 
conductor device is required to have a stack structure 
'5 and/or a connection structure capable of realizing not 
only a large capacity, a small size and a small thickness 
but also a high-speed response. 



20 



SUMMARY OF THE INVENTION 



[0010] The present invention has been made in view 
of the above-mentioned requirements. 
[001 1] Accordingly, an object of the present invention 
is to provide a semiconductor element involving an ex- 
25 cellent stacking structure and/or a connection structure 
for semiconductor elements capable of realizing a large 
capacity, a small si2e and a small thickness as well as 
a high- speed response, and also a semiconductor de- 
vice formed by stacking such semiconductor elements. 
30 [0012] The inventor of the present invention initially 
studied the prior art connection structure shown in Fig. 
, 1 when solving the above-mentioned problems. As a re- 
sult, it was noted that, if the interposer is eliminated from 
the prior art connection structure, it is possible to stack 
35 more semiconductor elements if the same height of the 
connection structure is to be maintained, or to further 
reduce the thickness of the semiconductor device if the 
same capacity of the semiconductor device is to be 
maintained/in addition to which, it is possible to respond 
**o to a high-speed operation so far as the interposer is 
eliminated. Based on this idea, the inventor diligently 
studied to obtain a connection structure capable of elec- 
trically interconnecting the semiconductor elements 
stacked to form a plurality of layers without using an in- 
45 terposer. 

[0013] According to an aspect of the present inven- 
tion, there is provided a semiconductor element com- 
prising: an element body having a first surface and a 
second, opposite surface; a conductive bump formed on 
s° the first surface of the element body; and the element 
body having a via hole penetrating from the conductive 
bump on the first surface to the second surface. 
[0014] An inner wall of the via hole is coated with an 
insulating layer and a conductive film, so that the con- 
55 ductive film is electrically connected to the conductive 
bump. 

[001 5] The material of the conductive film is Au or Cu . 
The material of the insulating layer is Si0 2 . 
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[001 6J According to another aspect of the present in- 
vention, there is provided a connection structure com- 
prising: a first semiconductor element having a first con- 
ductive bump; a second semiconductor element com- 
prising: an element body having a first surface and a 5 
second, opposite surface; a second conductive bump 
formed on the first surface of the element body; and the 
element body having a via hole penetrating from the 
conductive bump on the first surface to the second sur- 
face; and 10 

the first and second semiconductor elements are 
mutually arranged in such a manner that the first con- 
ductive bump is in contact with the second surface of 
the second semiconductor element at a position of the 
vial hole; and is 

means for electrically connecting the first conduc- 
tive bump with the second conductive bump. 
[0017] According to a further aspect of the present in- 
vention, there is provided a semiconductor device com- 
prising a plurality of semiconductor elements stacked on 20 
one another including at least: 

a first semiconductor element having a first and sec- 
ond, opposite surface thereof, and having a first 
conductive bump on the first surface; 25 
a second semiconductor element comprising: an el- 
ement body having a first surface and a second, op- 
posite surface; a second conductive bump formed 
on the first surface of the element body; and the el- 
l ement body having a via hole penetrating from the 30 
^ conductive bump on the first surface to the second 
surface; 

the first and second semiconductor elements are 
mutually arranged in such a manner that the first 
conductive bump is in contact with the second sur- 35 
face of the second semiconductor element at a po- 
sition of the via hole; and 

means for electrically connecting the first conduc- 
tive bump with the second conductive bump. 

40 

[001 8] According to a still further aspect of the present 
invention, there is provided a process for manufacturing 
a semiconductor element comprising the following steps 
of: forming a conductive bump on a first surface of a 
semiconductor element body; and forming a via hole «5 
which penetrates the element body from the conductive 
bump on the first surface to a second, opposite surface 
of the element body. The process further comprises the 
following steps of: coating an inner wall of the via hole 
with an insulating layer and a conductive film, so that so 
the conductive bump is electrically connected to the 
conductive film. 

[0019] According to still further aspect of the present 
invention, there is provided a process for manufacturing 
a semiconductor device comprising a plurality of semi- 55 
conductor elements stacked on one another, the proc- 
ess comprising the following steps of: 



preparing a plurality of semiconductor elements, 
the preparing step of each semiconductor element 
comprising: forming a conductive bump on a first 
surface of a semiconductor element body; forming 
a via hole which penetrates the element body from 
the conductive bump on the first surface to a sec- 
ond, opposite surface of the element body; and 
coating an inner wall of the via hole with a conduc- 
tive film by means of an insulating layer so that the 
conductive bump is electrically connected to the 
conductive film. 

stacking at least two semiconductor elements, one 
on the other, in such a manner that the conductive 
bump of the one semiconductor element is in con- 
tact with the second surface of another semicon- 
ductor element at a position of the via hole so that 
the conductive bump of the one semiconductor el- 
ement is electrically connected to a conductive 
bump of the other semiconductor element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] 

Fig. 1 shows a prior art connection structure for 
semiconductor elements in the conventional stack- 
ing type semiconductor device; 
Fig. 2 shows one embodiment of a semiconductor 
element according to the present invention; 
Fig. 3 shows one embodiment of a via-hole; 
Fig. 4 shows the semiconductor elements stacked 
according to the present invention; 
Figs. 5(a) to 5{c) show the steps for producing the 
semiconductor element according to the present in- 
vention; 

Figs. 6(a) to 6(c) show the steps for forming via- 
holes, insulation layers and conductive cover films 
in the semiconductor element; 
Fig. 7 shows one embodiment of a semiconductor 
device stacking the semiconductor elements ac- 
cording to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] The present invention will be described below 
with reference to the attached drawings. 
[0022] Fig. 2 shows one embodiment of a semicon- 
ductor element according to the present invention. In the - 
semiconductor element 1 shown in Fig. 2, via-holes 10 
are formed, each of which passes through a circuitry 
surface 2 and reaches a back surface of an Au bump 
(conductive bump) 4 formed on an Al pad 3. This is a 
first characteristic of the present invention. As shown in 
Fig. 3, a conductive cover film 1 2 is formed on the inner 
surface of the via-hole 10 via an insulation layer 11 . 
[0023] While the conductive cover film 1 2 is preferably 
made of Au orCu, another conductive metal or alloy may 
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be used. While the insulation layer 1 1 is preferably made 
of Si0 2 because the insulation layer and the conductive 
cover film can be easily formed and the insulation layer 
can be brought into tight contact with the conductive 
cover film and a wafer, another insulation material may s 
be used provided it satisfies such requirements. 
[0024] As the insulation cover film 12 is continuous 
with the conductive bump, it functions as a connection 
terminal when one semiconductor element is electrically 
connected to another semiconductor element. 10 
[0025] One embodiment in which two semiconductor 
elements are stacked is illustrated in Fig. 4. As shown 
in Fig. 4, since a conductive bump 4 of the one semi- 
conductor elements (the upper one in the drawing) 
abuts a via-hole 10 of the other semiconductor element is 
(the lower one in the drawing) and is in contact with the 
conductive cover film 1 2, the conductive bumps 4 of the 
upper and lower conductive bumps 4 are connected to 
each other through the conductive cover film 1 2, where- 
by the electrical connection is directly made between the 20 
upper and lower semiconductor elements. 
[0026] In such a manner, according to the present in- 
vention, it is possible to stack the semiconductor ele- 
ments while ensuring the electrical connection between 
them without using the interposer. This is the second 25 
characteristic of the present invention. 
[0027] Then, a method will be described with refer- 
ence to Figs. 5 and 6, for producing the semiconductor 
element, forming the via-holes in the semiconductor el- 
ement and finally providing the conductive cover film. 30 
[0028] On a circuitry surface 2 formed on a surface of 
a wafer 13 (for example, of 650 u,m thick), an Al pad 3 
is provided in the conventional manner (see Fig. 5(a)), 
and then an Au bump 4 (which is a conductive bump of 
about 35 urn high) is formed by using a plating or a bump 35 
bonder (see Fig. 5(b)). Thereafter, a back surface of the 
wafer 1 3 is abraded to have a desired thickness (for ex- 
ample, an original thickness of about 650 urn is abraded 
to about 50um). Thus the semiconductor element is 
completed. 4Q 

[0029] Next, while the Au bump 4 is turned upside 
down so that the Au bump 4 directs downward, a laser 
beam (for example, an ultraviolet laser beam) of a pre- 
determined intensity is irradiated from above the semi- 
conductor element 1 to a position corresponding to the 45 
Au bump to form a via-hole 1 0 of a proper size (for ex- 
ample, having a diameter of 10um or less) passing 
through the semiconductor element to reach the back 
surface of the Au bump 4 (see Fig. 6(a)). 
[0030] When the laser beam is irradiated, the Au so 
bump 4 serves as a stopper for precisely controlling the 
boring process carried out by the laser beam. 
[0031] Then, an insulation layer 11 is formed on the 
inner surface of the via-hole 1 0 by using CVD or a spin 
coater (see Fig. 6(b)). For example, by using CVD, tetra- 55 
ethoxysilane is vaporized to form an insulation layer of 
Si0 2 . Thereafter, by using a plating. method or a sput- 
tering method, a conductive cover film 12 is formed on 



the surface of ihe insulation layer 11. 
[0032] In this manner, a thin semiconductor element 
according to the present invention is produced, which is 
suitably used for preparing a stacking type semiconduc- 
tor device. 

[0033] Fig. 7 illustrates one embodiment of a semi- 
conductor device constituted by stacking the semicon- 
ductor elements according to the present invention on 
a circuit board 14 having solder bumps 8. The semicon- 
ductor elements are electrically connected to each other 
by the connection structure according to the present in- 
vention. As a resin is filled in a gap between the adjacent 
semiconductor elements so that an integral structure is 
formed, it is possible to ensure the electrical connection 
between the semiconductor elements and also guaran- 
tee the strength, durability, thermal resistance or others 
of the semiconductor device. 

[0034] According to the present invention, as the sem- 
iconductor elements having the same dimension and 
structure are sequentially stacked to establish a direct 
electric connection between them, it is possible to obtain 
a semiconductor device large in capacity, small in size 
and thickness as well as responsive to a high-speed op- 
eration. 

[0035] Also, according to the present invention, as the 
semiconductor elements having the same dimension 
and structure are sequentially stacked, even if the sem- 
iconductor element is heated, the thermal expansion of 
the respective semiconductor elements becomes ap- 
proximately equal, whereby the electric connection be- 
tween the semiconductor elements can be always main- 
. tained in a stable state. 

[0036] It should be understood by those skilled in the 
art that the foregoing description relates to only some 
preferred embodiments of the disclosed invention, and 
that various changes and modifications may be made 
to the invention without departing the sprit and scope 
thereof. 



Claims 



A semiconductor element comprising: 

an element body having a first surface and a 
second, opposite surface; 
a conductive bump formed on the first surface 
. of the element body; and 
the element body having a via hole penetrating 
from the conductive bump on the first surface 
to the second surface. 

A semiconductor element as set forth in claim 1 , 
wherein an inner wall of the via hole is coated with 
an insulating layer and also coated with a conduc- 
tive film, and the conductive film is electrically con- 
nected to the conductive bump. 
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3. A semiconductor element as set forth in claim 2, 
wherein a material of the conductive film is Au or Cu. 

4. A semiconductor element as set forth in claim 2, 
wherein a material of the insulating layer is SiO z . 

5. A connection structure comprising: 

a first semiconductor element having a first 
conductive bump; 

a second semiconductor element comprising: 

an element body having a first surface and 
a second, opposite surface; 
a second conductive bump formed on the 
first surface of the element body; and 
the element body having a via hole pene- 
trating from the conductive bump on the 
first surface to the second surface; and 

the first and second semiconductor 
elements are mutually arranged in such a 
manner that the first conductive bump is in 
contact with the second surface of the sec- 
ond semiconductor element at a position of 
the via hole; and 

means for electrically connecting the first con- 
ductive bump with the second conductive 
bump. 



8, 



A connection structure as set forth in claim 5 T 
wherein the electrically connecting means compris- 
es a conductive film which is coated on an inner wall 
of the via hole of the second semiconductor ele- 
ment, saidconduction film is coated on an insulating 
layer, so that the conductive film electrically con- 
nects the first conductive bump with the second 
conductive bump. 

A connection structure as set forth in claim 6, 
wherein a material of the conductive film is Au or Cu, 

A connection structure as set forth in claim 6, 
wherein a material of the insulating layer is Si0 2 . 

A semiconductor device comprising a plurality of 
stacked semiconductor elements, including at 
least: 

a first semiconductor element having a first and 
second, opposite surface thereof, and having a 
first conductive bump on the first surface; 
a second semiconductor element comprising: 

an element body having a first surface and 
a second, opposite surface; 
a second conductive bump formed on the 
first surface of the element body; and 
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the element body having a via hole pene- 
trating from the conductive bump on the 
first surface to the second surface; and 

the first and second semiconductor 
elements are mutually arranged in such a 
manner that the first conductive bump is in 
contact with the second surface of the sec- 
ond semiconductor element at a position of 
the vial hole; and 

means for electrically connecting the 
. first conductive bump with the second con- 
ductive bump. 

10. A semiconductor device as set forth in claim 9, 
wherein the electrically connecting means compris- 
es a conductive film which is coated on an inner wall 
of the via hole of the second semiconductor ele- 
ment, said conductive film is coated on an insulating 
layer, so that the conductive film electrically con- 
nects mutually the first conductive bump with the 
second conductive bump. 

11. A semiconductor device as set forth in claim 10, 
wherein a material of the conductive film is Au or Cu . 

12. A semiconductor device as set forth in claim 10, 
wherein a material of the insulating layer is Si0 2 . - 



13. A process for manufacturing a semiconductor ele- 
30 ment comprising the following steps of: 

forming a conductive bump on a first surface of 
a semiconductor element body; and 
forming a via hole which penetrates the ele- 
35 ment body from the conductive bump on the 

first surface to a second, opposite surface of 
the element body. 

1 4. A process as set forth in claim 1 3 further comprising 
40 the following steps of: 



coating an inner wall of the via hole with a con- 
ductive film by means of an insulating layer so 
that the conductive bump is electrically con- 
nected to the conductive film. 
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15. A process for manufacturing a semiconductor de- 
vice comprising a plurality of semiconductor ele- 
ments stacked on one another, the process com- 
prising the following steps of: 

preparing a plurality of semiconductor ele- 
ments, the preparing step of each semiconduc- 
tor element comprising; 

forming a conductive bump on a first sur- 
face of a semiconductor element body; 
forming a via hole which penetrates the el- 
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ement body from the conductive bump on 
the first surface to a second, opposite sur- 
face of the element body; and 
coating an inner wad of the via hole with an 
insulating layer and a conductive film, so s 
that- the conductive bump is electrically 
connected to the conductive film; 
stacking at least two semiconductor ele- 
ments, one on the other, in such a manner 
that the conductive bump of the one semi- w 
conductor element is in contact with the 
second surface of another semiconductor 
element at a position. of the via hole so that 
the conductive bump of the one semicon- 
ductor element is electrically connected to is 
a conductive bump of the other semicon- 
ductor element. 
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Fig. 5(a) 




Fig.5(b) 




Fig. 5(c) 
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Fig. 6(a) 




Fig.6(b) 
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